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MESOPAUSE AND DISTRIBUTION OF NOCTILUCENT CLOUDS 

. 

V. V. Mikhnevich 

Al3STRACT 

The report  considers seasonal and l a t i t u d i n a l  depen- 

dence of temperature i n  order t o  invest igate  the correla- 

t i o n  between temperature mesopause and noctilucent cloud 

d is t r ibu t ion .  The existence of the f u l l  cor re la t ion  of 

such a type is established. This f a c t  confirms the g rea t  

ro l e  of temperature i n  nocti lucent cloud formation. 

There are nuw two princ$pal hypotheses of the o r ig in  of nocti lucent E* 
clouds: condensation and dust ( re f .  1) e 

t he  formation of nocti lucent clouds requires a l ow temperature. 

According t o  the condensation theory, 

For example, 

f o r  a w a t e r  vapor content i n  a i r  of a = 10-3 (a i s  the r a t i o  of concentrations 

of water molecules t o  the total concentration of a l l  molecules), the formatioli 

of noct i lucent  clouds by condensation requires  a temperature of 174%; when 

a = T = 162OK; when a = 10- 5 , T = 153% (ref.  1). 

Such a l o w  temperature has been recorded i n  various experiments, including 

those described i n  references 2, 3 and 4; a seasonal'and l a t i t u d i n a l  e f f e c t  was 
I 

detected i n  the temperature change (ref.  5 ) .  ./ 
I 

*Numbers given in.margin indicate pagination i n  o r ig ina l  foreign text. 
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Many observations of noctilucent clouds have been made. These observa- 

t ions have given the l a t i t u d i n a l  and seasonal d i s t r ibu t ion  of the appearance 

of clouds (ref. 6) .  A number of authors (refs. 1 and 7) have noted the presence 

of a relat ionship between the seasonal and l a t i t u d i n a l  var ia t ions of tempera- 

t u r e  i n  the region of the mesopause and the appearance of noctilucent c louds .  

However, a detai led comparison of these two phenomena has yet  t o  be made. 

> 

J 

What i s  the correlation between the  temperature of the mesopause and the d i s -  

t r ibu t ion  of noctilucent clouds? 

In order t o  answer t h i s  questionwe w i l l  consider i n  greater  d e t a i l  the 
' 

seasonal and l a t i t ud ina l  effects i n  the  temperature change i n  the region of 

t he  mesopause, using f o r  t h i s  purpose data on temperature given i n  reference 5. 

In  reference 6 w e  used the resul ts  of experiments a t  15 stations:  71, 

59, 40, 38, 34, 33, 28, 22, 13, llON and 31°S; two s ta t ions  each were s i tuated 

a t  38 and 320 N. The number of experiments a t  d i f fe ren t  heights was dissimilar;  . 

a t  a height of 60 km there were approximately 300 and a t  a height of 80 km, 

about 20. 

I n  p.rocessing the r e su l t s ,  the diurnal e f f e c t  was not taken i n t o  account 

(it i s  assumed tha t  the temperature change during the day does not exceed 10 

percent).  

Figures 1 and 2 show the change of atmospheric temperature a t  a height of 

80 km a8 a function of the seasontof the year f o r  d i f f e ren t  l a t i t udes  of the  

northern and southern hemispheres. 

Analysis of the dkta reveals that  the minimum temperature value i s  ob- 
- a 

served et di f fe ren t  seasons of the year a t  d i f f e ren t  la t i tudes .  

i n  the northern hemisphere a t  l a t i tude  cp = 20' the minimum temperature value 

For example, 
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Figure 1. 

t i o n  of season of year f o r  d i f fe ren t  lat/itudes of northern 

Atmospheric temperature a t  heighk of 80 km as  f'unc- 

1 

hemisphere. 

is i n  late May-early June, a t  la t i tude  cp = 40°--in June; cp = 50°--in July; 

Q = 6oo--1ate i n  July-early A u g u s t .  

There are two temperature minima a t  the equator and to  a l a t i t ude  of /85 
approximately 500. . 

The seasonal temperature change does not exceed an average of 120 a t  t he  

equator, increases with l a t i t ude  and a t  l a t i t ude  90' a t t a ins  approximately 

1000 * 

The minimum temperature value depends on la t i tude  ( f ig .  3); a t  l a t i t ude  

Q = 90' Tmin = 160%; (P = 60° Tmin = 1650~; (P = 50° Tmin = l75OK; cp = 4.0'. 

Tmin = 180%; Q = 20° Tmin = 185'K; cp = 0' Tmin = lW°K. 

September a t  l a t i t udes  more northerly than 60° N the temperature i s  r e l a t ive ly  

low (less than 180~~). 

From l a t e  May through 

~~~ ~ 
~ ~ _ _  ~ ~~ ~ 

~ _ _ ~  ~_ ~ 
~~~ 

3 . .  



J 

J .  

. 

, _ .  , .  . .  
. .  

. .  , 

I .  

' 
Figure 2. Atmospheric temperature a t  height of 80 km'as func- 

t i o n  of season of year for d i f fe ren t  l a t i t u d e s  of southern 

hemisphere. 
# 

On the basis of these temperature changes i n  the  region 'of  the  mesopause a 

number of hypotheses can be formulated with respect  t o  the probable d i s t r ibu -  

t i o n  of nocti lucent clouds. When there i s  s u f f i c i e n t  water content i n  the /86 
atmosphere, i n  accordance with the seasonal and l a t i t u d i n a l  changes of tempera- 

t u re  the maximum probabi l i ty  of the appearance of nocti lucent clouds i n  the 

middle l a t i t u d e s  of the northern hemisphere i s  i n  summer. 

J 

The maximum moves 

from the l o w  l a t i t udes  t o  the  higher l a t i t udes  during the year. 

from these data  ( f i g .  1) , the  m a x i m u m  frequency of ,# of nocti lucent 

As follows 
occuru-e c e  

clouds a t  l a t i t u d e  40° should be i n  June, a t  l a t i t ude  50°--in July,  a t . . l a t i tude  

60°--in l a te  July-early August. 
.. 

The existence of two temperature minima a t  l a t i t u d e s  0-45' makes it pos- 

s i b l e  to  postulate  two periods of occurrence of nocti lucent clouds a t  these 

l a t i t u d e s .  I n  accordance with the  minimum temperature values a t  d i f f e r e n t '  
8 
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Figure 3. Minimum temperatures, 

a t  height of 80 km f o r  d i f fe ren t  

l a t i t udes .  

l a t i t u d e s  ( f ig .  3 ) ,  the probabi l i ty  of appearance of nocti lucent clouds a t  l a t i -  

tudes 0-45' is considerably l e s s  than a t  l a t i t udes  50-60'. 

t h e  appearance of nocti lucent clouds a t  l a t i t udes  60-90° i s  not l e s s  than i n  

the  region cp = 50-6oo. 

The probabi l i ty  of 

A s imi la r  consideration of temperature data  fo r  the southern hemisphere 

permits us t o  postulate t h a t  the mupimum probabi l i ty  of appearance of nocti lu- 

cen t  clouds can be expected i n  October-January; the maximum sets i n  a t  d i f f e r -  

e n t  l a t i t u d e s  with a seasonal s h i f t .  To the north of 45' S the probabi l i ty  of 

appearance of nocti lucent clouds is f a r  l e s s  than a t  g rea te r  l a t i t udes .  

i n  t he  northern hemisphere, i n  the case of . suf f ic ien t  a i r  humidity the probabil- 

i t y  of formation of nocti lucent clouds a t  high l a t i t udes  ((p > 60°) i s  not  less 

than a t  l a t i t u d e s  50-6oo. 

As 

Since there  have been f e w  d i r e c t  determinations of temperature i n  the re -  

gioll of t h e  mesopause i n  the southern hemisphere, these data on temperature and 

the conclusions on the d i s t r ibu t ion  of nocti lucent clouds i n  the southern 

hemisphere a re  hypothetical. 
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Figure 4. Distribution of number of 

cases of appearance of nocti lucent 

clouds as function of season of year 

f o r  d i f f e ren t  la t i tudes .  1, 1957; 

2, 1958; 3, mean f o r  1957-1958. 

What d i s t r ibu t ion  of t he  appearance of nocti lucent c l a d s  has been ob- 

ta ined as a r e s u l t  of observations, and does it agree with the d i s t r ibu t ion  

based on the temperature data considered above? 

Figure 4 gives the d i s t r ibu t ion  of the  number of cases of v i s i b i l i t y  of , 

noct i lucent  clouds as  a function of the season of the year f o r  d i f f e ren t  l a t i -  

tudes. Figure 5 shows the  l a t i t ud ina l  d i s t r ibu t ion  of the  number of cases of 

v i s i b i l i t y  of nocti lucent clouds ( r e f .  6). 

The data  show t h a t  the actual  d i s t r ibu t ion  of the number of cases of 

v i s i b i l i t y  of nocti lucent clouds i n  the northern hemisphere corresponds t o  a 

d i s t r i b u t i o n  obtained on the basis of consideration of the temperature curves, 

t h a t  is! the maximum number of cases of v i s i b i l i t y  i n  the middle l a t i t u d e s  is  

i n  sunnner; with northward movement the m a x i m u m  number of cases of v i s i b i l i t y  

--- 

. .  
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Figure 5. Lat i tudinal  d i s t r ibu t ion  of 

number of cases of v i s i b i l i t y  of nocti-  

lucent  clouds. 1, 45'; 2, 50'; 3, 55'; 

4, 60'; 5, 6 5 O ;  6, 700. 

a t  l a t i t u d e  cp = 50' N the maximum number of cases of v i s i b i l i t y  was i n  July,  

cp = 60° N--in August, cp = TO0 N--in September; a t  l a t i t u d e  4'3' N noctilucent 

clouds were v is ib le  during two periods--in April and i n  September 1958. The 

observed l a t i t u d i n a l  d i s t r ibu t ion  of the number of cases of v i s i b i l i t y  of noc-, 

t i l u c e n t  clouds corresponds t o  the l a t i t u d i n a l  d i s t r ibu t ion  obtained using 

temperature data.  For l a t i t udes  greater than 600 the observations do not  agree 

wi th  the temperature data. This i n  a l l  probabi l i ty  i s ' d u e  t o  the poor condi- 

t i o n s  f o r  v i s i b i l i t y  of nocti lucent clouds a t  these l a t i t udes  (polar day) and 

the small number of observations. From the  temperature data we should expect 

( i n  the case of adequate a i r  humidity) 

l a t i t u d e s  grea te r  than 60'. 
- 

On the  bas is  of these data  it can 

co r re l a t ion  between temperature i n  the 
s 

the existence of nocti lucent clouds a t  

/87 be concluded t h a t  there i s  full 
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appearance of nocti lucent clouds. Temperature plays an important ro l e  i n  the  

formation of nocti lucent clouds, 

I n  conclusion the  author wishes t o  note t h a t  nocti lucent clouds merit 

study not only as an in te res t ing  natural  phenomenon, but a l so  a s  an important 

method of study of the processes and phenomena t ranspir ing i n  the upper atmos- 

phere. For t h i s  reason noctilucent clouds are being studied f o r  determination 

of the character of movement of sit- masses, 

nocti lucent clouds can also be used fo r  study of the r e l a t ive  temperature 

changes i n  t h i s  region. 

We f e e l  t h a t  invest igat ions of 
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